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storing device is also 
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above-mentioned organometal complex 
in the space provided inside an autoclave having 
the outlet and inlet of gas. 

An automobile driven by utilising, as the energy 
source, the gas supplied from 

the above-mentioned gas storing device installed in 

the automobile is also 

claimed. 
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ABSTRACT : 



PROBLEM TO BE SOLVED: To provide a new metal 
complex having gas-storing 

property, a gas- storing apparatus using the 

gas-storing property of the 

complex and an automobile furnished with the 
gas-storing apparatus. 

SOLUTION: This three-dimensional organic metal 
complex is composed of a 

bivalent metal ion, an organic ligand capable of 
forming a bidentate 

coordination and 2, 3-pyrazinedicarboxylic acid and 
has a laminar structure. 

The complex can adsorb and store gas molecules in 
the space of crystal lattice. 

A compound having a relatively rigid molecular 
skeleton such as pyrazine and 

4,4'- bipyridyl and having coordinating atoms on 
both ends is used as the 

organic ligand capable of forming a bidentate ---^ 
coordination. The gas-storing 

apparatus is composed of a pressure vessel having a 
gas-inlet and outlet port 

and a gas- storing three-dimensional organic metal 
complex composed of a 

bivalent metal ion, an organic ligand capable of 
forming a bidentate 

coordination and 2,3- pyrazinedicarboxylic acid, 
having a laminar structure and 

held in the space of the vessel. The automobile is 
furnished with the 
gas-storing apparatus. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About a new metal complex, this invention has the opening which can contain a 
molecule in the crystal structure, and relates to the metal complex which has the capacity to store gas. 
The purpose of this invention has structure new as a metal complex, and may be used as a new 
application, or is to offer the metal complex which can reaUze a higher function. Moreover, this 
invention relates also to a traffic transportation means by which the gas storage equipment which used 
said metal complex, and said gas storage equipment were equipped, especially an automobile. 
Furthermore, the metal complex concerning this invention is usable also to the processing agent which 
carries out adsorption treatment of the specific component in a reaction catalyst, its support, and a gas 
constituent, and refines it, and a processor. 
[0002] 

[Description of the Prior Art] The approach of dissolving gas compressible only into a comparatively 
low pressure in solvents, such as an acetone, like the approach of only pressurizing, compressing the 
volume as a technique of storing inflammable gas, and filling up with high pressure into a bomb, the 
approach of cooling and liquefying and filling up the insulated container, and acetylene, and filling up a 
bomb etc. is learned. As a traffic transportation means to use gas as an energy source, the passenger car 
which used as the fuel the LP gas with which the bomb was filled up is known. 
[0003] 

[Problem(s) to be Solved by the Invention] In the approach of storing gas, in order to secure the engine 
performance which bears the high pressure which also attains to 20MPa(s) (200 kgf7cm2) used for 
hydrogen ga s, methane, etc., the weight of a bomb becomes very heavy, it is dealt with to the top which 
needs the special pressurizer for making it high pressure by the approach of only pressurizing, and 
conveyance is difficult for it. Moreover, the approach of liquefying also needs a special compression 
equipment and a special cooling system, and in order that a container may also secure heat retention, the 
thing of special structure is needed. Furthermore, the steam of a solvent mixes upwards into gas, 
conveyance weight is applied too much by the solvent by what uses a solvent, and it can be used only 
for special gas while it is useless. Although the alloy of the porosity which stores hydrogen was 
developed in recent years, it is expensive and the class of gas constituents is restrictive. 
[0004] On the other hand, the complex which has the layer structure is found out as a dicarboxylic acid 
copper complex, and functions, such as storage by adsorption and occlusion of gas, a catalyst, and a 
molecular sieve, are expected as an apphcation using the structure. It is being solved that it is what these 
complexes have space in the crystal structure, embrace the magnitude of the space and the property of a 
constituent, and can adsorb and store various gas constituents, and development of further various kinds 
of metal complexes is expected. Moreover, in this invention, a traffic transportation means to be also 
able to make fuel gas other than LP gas into an energy source, and to equip lightweight storage 
equipment is also offered. 
[0005] 
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[Means for Solving the Problem] This invention consists of organic ligand [ which has the atom which 
can be configurated in said metal ion in a divalent metal ion and the both ends of an upright frame / in 
which 2 seat coordination is possible ] and 2, and 3-pyrazine dicarboxylic acid, has the layer structure, 
and relates to the organometallic complex in which a gas storage is possible. The organic ligand which 
constitutes said metal complex, which reaches and has the atom which can be configurated in said metal 
ion in the both ends of an upright frame and in which 2 seat coordination is possible is an organic ligand 
chosen from - bipyridyl, transformer -1, 2-screw (4-pyridyl) ethylene, 1, 4-dicyano benzene, and 
pyrazine, 4, and 4 '4, 4*-dicyano biphenyl, 1, 2-dicyano ethylene, 1, and 4-screw (4-pyridyl) benzene. 
[0006] It is [Formula 3] which used the co22erjo n(Cu2+) a s a divalent metal ion especially as such a 
complex. The metal complex expressed with Cu2(bpy) (byzdc) 2 (bpy expresses a 4 and 4'-bipyridyl and 
byzdc expresses 2 and 3-pyrazine dicarboxylic acid.) is desirable. 

[0007] The organic Hgand used for this invention has the upright molecular structure, and the space in 
the crystal lattice which can adsorb and store gas according to the operation is formed. "The upright 
molecular structure" means that it is the molecular structure to which the distance between the atoms 
which can be configurated to a metal is not changed like C-C association, excluding [ therefore ] 
pivotable association. The ligand which has atoms which can be configurated in a metal ion, such as 
nitrogen, is suitable for the both ends of such a molecule. The atom which can be configurated has 
especially the desirable thing existed in the both ends of the molecule of an organic ligand by 
intramolecular at point syrmnetry. 

[0008] The metal complex of this invention makes the solution of organic ligand [ which has the atom 
which can be configurated in said metal ion / in which 2 seat coordination is possible ] and 2, and 3- 
pyrazine dicarboxylic acid mix and react to the solution of a divalent metal ion, and the both ends of an 
upright frame by the predetermined ratio, is obtained, chooses the conditions suitable for crystal growth, 
and is compounded. 

[0009] This invention relates also to gas storage equipment. When it is shown in drawing 3 as an 
example and explains based on this drawing, gas storage equipment 1 To the space 5 formed in the 
interior of the proof-pressure container 2 equipped with the entrances 4a and 4b of gas It consists of 
organic ligand [ which has the atom which can be configurated in said metal ion in a divalent metal ion 
and the both ends of an upright frame / in which 2 seat coordination is possible ] and 2, and 3-pyrazine 
dicarboxylic acid, and it has the layer structure, and the three-dimension organometallic complex 3 in 
which a gas storage is possible is contained, and it is constituted. Since this storage equipment has 
contained the metal complex which has gas adsorption ability while being filled up with gas using 
simple restoration equipment, it becomes it is possible to be able to store much gas and to also design 
the structure of storage equipment itself simply lightweight in the condition that internal pressure is low, 
and possible [ conveying easily the m ethane used as fuels, such as an internal combustion engine and a 
fuel cell, natural gas, etc. ]. Therefore, this storage equipment can be used as an energy source of supply 
of ancillary facilities, such as traffic transportation means, such as an automobile and a vessel, and a 
generator used for these, and a refrigerator. 

[0010] As for the metal complex which is contained and used for said gas storage equipment and in 
which a gas storage is possible, it is desirable to use the organic ligand chosen from - bipyridyl, 
transformer -1, 2-screw (4-pyridyl) ethylene, 1, 4-dicyano benzene, and pyrazine, 4, and 4 '4, 4'-dicyano 
biphenyl, 1, 2-dicyano ethylene, 1, and 4-screw (4-pyridyl) benzene as an organic ligand in which 2 seat 
coordination is possible. It is because the metal complex which used this ligand can form the crystal- 
lattice space which can adsorb gas. It is desirable that it is what the chemical structure is especially 
expressed to above [-izing 3] among these metal complexes. The reason is that a 4 and 4'-bipyridyl 
forms the crystal-lattice space suitable for adsorption storage of the chemical structure top methane. 
Moreover, 1 and 4-screw (4-pyridyl) benzene also forms a desirable complex for the same reason. 
[0011] 

[Embodiment of the Invention] This invention consists of organic lig and [ which has the atom which can 
be configurated in said metal ionJiLa^iYal ent metal io n and the both ends of an^upright frame / in which 
2 se at coordination is po ssibleJjuidj,^d 3-pyraz ine dica rboxylic acid, has the layer structure, and 
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relates to the three-dimension organometallic complex in which a gas storage is possible. Such a metal 
complex forms comparatively big space between the layers based on the layer structure, and since the 
space is the magnitude which can contain a gas molecule, it is presumed to be that from which the 
engine performance which adsorbs gas and stores it is obtained. 

[0012] As for the organic ligand which constitutes the metal complex of this invention and in which 2 
seat coordination is possible, it is desirable that it is the organic ligand chosen from - bipyridyl, 
transformer -1, 2-screw (4-pyridyl) ethylene, 1, 4-dicyano benzene, and pyrazine, 4, and 4 '4, 4'-dicyano 
biphenyl, 1, 2-dicyano ethylene, 1, and 4-screw (4-pyridyl) benzene. The atom which can configurate 
this ligand in the both ends of a molecule at a metal ion, since it has a nitrogen atom preferably and 
stiffness is in a molecule, The both ends and the nitrogen atom which exists in the location of the point 
symmetry of intramolecular preferably a respectively different metal ion — configurating ~ the (metal 
ion-ligand) — it is thought by forming repeat structure in the crystal lattice of a complex, and forming 
the structure where the laminating of such a grid was carried out depending on the case that the layer 
structure in which a gas storage is possible is formed. Since the distance between nitrogen atoms is 
determined by this ligand, the selection of the gas constituents which can change the molecular size 
adsorbed, therefore can be stored by selection of the ligand concerned of it is also attained here [ the 
atom and here ] where it configurated to the metal in a ligand. Moreover, it may change also with the 
anion of the metal salt which is a raw material compound, 

[0013] As a metal ion suitable for said complex, metal ions, such as the metal ion of VIII groups, such 
as alkaline earth metal ion, such as beryllium, magnesium, calcium, strontium, and barium, iron, cobalt, 
nickel, and palladium, copper, zinc, cadmium, mercury, lead, and manganese, can be used, and the 
sulfate of these metal ions, a nitrate, a perchlorate, tetrafluoro way acid chloride, a hexafluoro 
phosphoric acid salt, haloid salt, a carbonate, formate, acetate, etc. can be used as a raw material of said 
metal ion. What used the copper ion as a metal ion especially is desirable, and can use organic salt, such 
as mineral salt of a copper sulfate, a copper nitrate, copper carbonate, etc., formic acid copper, and 
copper acetate, as a raw material used in this case. 

[0014] A metal complex mixes the solution of solution [ of a metal ion salt ], solution [ of an organic 
ligand ] and 2, and 3-pyrazine dicarboxylic aci d, after being obtained by complex-izing, mixing so that 
the ratio of each raw material Thay serve as a predetermined ratio, and stirring to homogeneity, is made 
to react on condition that predetermined, and makes the crystal of a complex to make it react and 
generate. Although a reaction condition changes with combination of a metal ion and a ligand, even if 
appearance tops are fine particles, unless a crystal grows up to be a certain amoimt of magnitude, the 
space under crystal is not fully obtained. Preferably, a long duration reaction is carried out on the 
conditions near a room temperature. Promotion of the reaction by heating, evaporation of a solvent, etc. 
may be performed if needed. -10 degrees C - 100 degrees C of reaction temperature are 10 degrees C - 
60 degrees C preferably, 

[0015] In this invention, what dissolves a metal salt without configurating to alcohols, such as water, 
other methanols of acetone **, and ethanoiri5i3 other metals strongly as .absolvent in which a metal salt 
is dissolved is desirable, and is independent, or mixes and uses it. Moreover, what is not configurated to 
a metal strongly as a solvent in which an organic ligand is dissolved is usable, and is independent in 
organic solvents, such as alcohols, such as ester, such as ketones, such as an acetone besides water, 
MEK, and MIBK, ethyl acetate, and butyl acetate, a methanol, and ethanol, an acetonitrile, a 
tetrahydrofiiran, dioxane, dimethylformamide, dimethylacetamide, toluene, and a hexane, or mixes and 
uses it. 

[0016] AVhat mixes with homogeneity mutually, the thing which does not mix mutually but carries out 
phase separation, and any combination can be used for said solvent used for manufacturing the metal 
complex of this invention. When "mixing", combination, such as water, an acetone and water, water that 
is compatible in homogeneity like ethanol only in a certain fixed presentation range besides the 
combination dissolved in homogeneity by any ratios, and a methyl ethyl ketone (MEK), is sufficient. A 
solvent is chosen in consideration of the solubility of a raw material compound, the compatibility of the 
solvent itself, the solubility of the complex to generate, the effect on a reaction, etc. According to the 
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combination of the solvent which carries out phase separation completely, like water and a hexane, a 
crystal generates to the separated interface. 

[0017] The obtained complex is filtered with a conventional method and dried. Preferably, to the bottom 
of reduced pressure, desiccation is heated and is performed. When desiccation is inadequate, a solvent 
molecule remains in crystal-lattice space, and the solvent content of the gas by which the gas adsorption 
engine performance was not fully demonstrated, but after [ adsorption ] desorption was carried out 
becomes high. When solvents of low volatility, such as water, are used, it is also a desirable mode to 
dry, after the water etc. and the dissolving organic solvent of high volatility wash and hydrophilic 
solvents, such as ethanol and an acetone, wash further to the organic solvent which carries out azeotropy 
to solvents of low volatility, such as these water, for example, water. 

[0018] Next, the gas storage equipment which used the complex of this invention is explained based on 
drawing 3 . As for gas storage equipment 2, it is desirable that it is the well-closed container equipped 
with the gas entrance, and is a proof-pressure container. The gas entrances 4a and 4b may be separately 
attached in the body of a container, and are good also considering one as combination or double tubing 
structure. Attachment of a pressure designating device is free. It consists of metal ion, organic Ugand [ in 
which 2 seat coordination is possible ] and 2, and 3-pyrazine dicarboxylic acid, and it has the layer 
structure, and to the space inside the body of a container, the three-dimension organometallic complex 3 
in which a gas storage is possible is contained, and it is constituted. It is a mode also with desirable [ the 
interior of the body of a container ] preparing a partition 5 and shelf 6 grade, in order to improve contact 
of the complex and gas which were contained, and circulation of gas, and manufacturing said partition 5 
and shelf 6 grade with a mesh-Uke ingredient, when complexes are fine particles, and desirable also 
fabricating to granularity or a pellet type using a suitable binder. It is also desirable to form the 
equipment which performs heating and cooling for promoting adsorption to the complex of the gas 
constituents to store and desorption in the interior the body periphery section of a container or if needed. 
In addition, in the example of drawing 3 , in order to improve circulation of gas, space 7 is formed. 
[0019] The metal complex contained in a gas storage container is a complex indicated to claims 1 or 2, 
by use of this complex, storage of gas is attained by the comparatively low pressure, in order to fill up a 
container with gas, it does not need a special pressurizer and a cooling system, and does not need a 
special heat insulation container, either, but can store and convey gas. Restoration of gas to the gas 
storage container concerning this invention is performed by sending gas into a storage container through 
a suitable gas pressurizer. Under the present circumstances, since the adsorption to the metal complex of 
gas is usually exothermic reaction, it is desirable to cool a container to coincidence. When taking out the 
stored gas fi-om the gas storage container of this invention, the pressure by the side of ejection is 
relatively made into low voltage to storage equipment, and it promotes by heating storage equipment to 
coincidence. 

[0020] In drawing 4 , the outline configuration of the gaseous fixel automobile 9 equipped with gas 
storage equipment 1 was illustrated. In this example, a gasegusjaelauton^ 9 is equipped with the 
engine 10 as an internal combustion engine which uses as a fuel inflammable gas, such as natural ga s 
stored in this gas storage equipment 1, while it is equipped with the gas storage equipment 1 with^hich 
the gas storage nature metal complex of this invention was contained as a fiiel source. The automobile 
which made the energy source the fuel cell using fiiel gas besides this example, and made the motor the 
driving source is also possible. In adHition, the gas storage equipment used for the automobile shown in 
drawing 4 is an example different from the thing of drawing 3 . 
[0021] 

[Example] Hereafter, the example of this invention is explained. 

(Example 1 of complex composition) O.OIM and 2 of a bipyridyl, and 50ml of mixed solvent solutions 
of ethanol / water =1/1 of 3-pyrazine dicarboxylic acid 0.02M were added to 50ml of copper-sulfate 
0.02M water solutions, and it mixed, and after carrying out suction filtration of the blue precipitate 
which left on the 1st and was produced at the room temperature, when the vacuum drying was carried 
out at the room temperature, 0.35g of complexes which are the specified substance was obtained. By 
carrying out elemental analysis of this complex, it became clear that an empirical formula was what is 
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expressed with [Cu2(bpy) (pyzdc)2] n. 

[0022] As a result of performing an X diffraction about this crystal and analyzing structure, the layer 
structure which Cu and pyzdc form is connected by bpy, tums into multilayer structure, the crystal is 
constituted, and that in which the space which can store gas between this layer is formed is presumed. 
Drawing 1 showed this layer structure typically. 

[0023] (Measurement 1 of gas storage capacity) [Formula 4] obtained in the example 1 of complex 

composition Cu2(bpy) (pyzdc) 2 - the adsorption capacity force of methane was measured about the 

complex of a presentation. Experiment conditions are the gasimethane (purity 99.99%) used. 

Temperature :25-degree-C time amount : Until it reaches a balance (for several seconds) 

It carried out by being alike. The result was shown in drawing 1 . It tums out that the metal complex 

which has the presentation shown by ** 3 from this result has selectivity to adsorption of methane. 

[0024] 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dcuaages caused by the use of this translation* 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The organometallic complex which consists of organic ligand [ which has the atom which can 
be configurated in said metal ion in a divalent metal ion and the both ends of an upright frame / in which 
2 seat coordination is possible ] and 2, and 3-pyrazine dicarboxylic acid and in which a gas storage is 
possible. 

[Claim 2] The organic ligand in which said 2 seat coordination is possible is an organometallic complex 
which is the organic ligand chosen from - bipyridyl, transformer -1, 2-screw (4-pyridyl) ethylene, 1, 4- 
dicyano benzene, and pyrazine, 4, and 4 *4, 4 -dicyano biphenyl, 1, 2-dicyano ethylene, 1, and 4-screw 
(4-pyridyl) benzene and in which a gas storage according to claim 1 is possible. 
[Claim 3] 

[Formula 1] The gas storage nature organometallic complex according to claim 1 which is what is 
expressed with Cu2(bpy) (pyzdc) 2 (bpy expresses a 4 and 4*-bipyridyl and pyzdc expresses 2 and 3- 
pyrazine dicarboxylic acid.). 

[Claim 4] It consists of divalent metal ion [ which is characterized by mixing and making the solution of 
solution / of a divalent metal ion /, solution / of the organic ligand which has the atom which can be 
configurated in said metal ion in the both ends of an upright frame, and in which 2 seat coordination is 
possible / and 2, and 3-pyrazine dicarboxylic acid react by the predetermined ratio ], organic ligand [ in 
which 2 seat coordination is possible ] and 2, and 3-pyrazine dicarboxylic acid, has the layer structure, 
and is the manufacture approach of the organometallic complex in which a gas storage is possible. 
[Claim 5] The manufacture approach of the metal complex in which a gas storage is possible which uses 
the organic ligand chosen from - bipjridyl, transformer -1, 2-screw (4-pyridyl) ethylene, 1, 4-dicyano 
benzene, and pyrazine, 4, and 4 '4, 4*-dicyano biphenyl, 1, 2-dicyano ethylene, 1, and 4-screw (4- 
pyridyl) benzene as an organic ligand in which 2 seat coordination is possible of having the layer 
structure according to claim 4. 

[Claim 6] The manufacture approach of the organometallic complex which has the layer structure 
according to claim 4 characterized by mixing and making the solution of solution [ of a 4 and 4'- 
bipyridyl ] and 2, and 3-pyrazine dicarboxylic acid react by the predetermined ratio as a divalent metal 
ion as the solution of Cu ion, and an organic Hgand in which 2 seat coordination is possible and in which 
a gas storage is possible. 

[Claim 7] Gas storage equipment which is constituted from organic ligand [ which has the atom which 
can be configurated in said metal ion / in which 2 seat coordination is possible ] and 2, and 3-pyrazine 
dicarboxylic acid by a divalent metal ion and the both ends of an upright frame, has the layer structure to 
the space formed in the interior of the proof-pressure container equipped with the entrance of gas, and 
contained to it the organometallic complex in which a gas storage is possible. 
[Claim 8] Gas storage equipment according to claim 7 with which the metal complex in which a gas 
storage is possible uses the organic ligand chosen from - bipyridyl, transformer -1, 2-screw (4-pyridyl) 
ethylene, 1, 4-dicyano benzene, and pyrazine, 4, and 4 '4, 4*-dicyano biphenyl, 1, 2-dicyano ethylene, 1, 
and 4-screw (4-pyridyl) benzene as an organic ligand in which 2 seat coordination is possible. 
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[Claim 9] The metal complex in which said gas storage is possible is [Formula 2]. Gas storage 
equipment according to claim 7 which is what is expressed with Cu2(bpy) (pyzdc) 2 (bpy expresses a 4 
and 4'-bipyridyl and pyzdc expresses 2 and 3-pyrazine dicarboxylic acid.). 
[Claim 10] The automobile which moves the gas which carries gas storage equipment according to 
claim 7, 8, or 9, and is supplied from said gas storage equipment as an energy source. 



[Translation done.] 
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